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(57) Abstract 

A solution administration apparatus for patient care, for use with an associated solution adminlstiation system, which apparatus 
includes a laser drilled orifice flow control device to provide a controlled, predctcmiincd flow rate of solution to the patient. The apparatus 
includes a tubing set and a laser drilled orifice flow restrictor. formed in a body, and in fluid communication therewith, for use widi an 
associated fluid supply container. The system provides a controlled, predetemiined flow rate of solution to the patient which is independent 
of, and relatively constant over minor variations in solution supply pressure and viscosity. 

— ^ . AVfAILA-Bt-g nOPV 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GB 


Geofgia 


MX 


Mexico 


AU 


Auitrelia 


GN 


Guinea 


NE 


Niger 


BB 


BartMdot 


GR 


Oteeoe 


IHL 


Netherlands 


BB 


Bcl^um 


HU 


Hungaiy 


NO 


Norway 


BF 


Buridna Paso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 




JP 


Japan 


FT 


Bortugal 


BR 


Brazil 


KB 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyfgystan 


RU 


Russian Federation 


CA 


Cffiftfida 


KF 


DeiDociatic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SB 


Sweden 


CG 


Coogt> 


KR 


Republic of Korea 


SG 


Smgapoie 


CH 


Switzerlind 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


C6ce d'lvoire 


U 


Liechtensicin 


SK 


Stovakia 


CM 


Camcrooii 


LK 


Sri Unka 


SN 


Senega] 


CN 


China 


LR 


Uberia 


sz 


Swaziland 


CS 


Cxechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DB 


Gcnnany 


LV 


Latvia 


TJ 


TajikistaD 


DK 


Demnaik 


MC 


Monaco 


TT 


Trinidad and Tobago 


ES 


Ettonia 


MD 


RcpuUic of MoMova 


UA 


Ukraine 


BS 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finlaad 


ML 


Mali 


US 


United States of Ameri 


FR 


Fnaet 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gaboo 


MR 




VN 


Viet Nam 



wo 96/23534 



PCT/US9S/01363 



- 1 - 

SOLUTION ADMINISTRATION APPARATUS 
WITH ORIF ICE FLOW CONTROL DEVICE 

Field of the Inventiion 

This invention relates to infusion systems for 
the administration of solutions for patient care and more 
particularly to a solution administration apparatus 
including a laser drilled orifice flow restrictor for 
providing accurate and predetermined solution flow under 
varying pressure and fluid viscosity conditions. 

Background of the Invention 

Inpatient and outpatient therapy often requires 
the administration of an intravenous solution to a patient 
through a device such as a catheter to permit infusion of 
medicament or other solution as required. The rate of 
flow of solution into the patient's body is an extremely 
important variable which can be affected by the pressure 
of the solution supply and the fluid viscosity. 

It is present practice to use a capillary type 
flow restrictor which includes a relatively long, small 
diameter tube (on the order of 0.0015 inches) in order to 
regulate the flow of medicament or solution to the 
patient. However, capillary type flow restrictors are 
inherently problematic. First, because of the nature of 
the device, the upstream pressure, or the solution 
pressure, will have a great affect on the rate of flow of 
solution through the capillary. Second, the fluid 
viscosity also greatly affects the rate of flow through 
the capillary. As such, when the viscosity of the fluid 
increases, the rate of flow of solution or medicament 
decreases. 

Because of the inherent nature of capillary type 
flow restrictors, in order to maintain a constant flow 
rate through the capillary, either the solution feed 
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pressure has to be maintained at a constant level or the 
fluid viscosity, vis-a-vis fluid temperature, must be 
maintained at a constant level. As a result, to 
effectuate the proper solution feed to a patient, the 
patient is required to be relatively immobile to assure 
that the fluid conditions, i.e., solution feed pressure 
and viscosity, remain at the required levels. 

The present invention contemplates a highly 
accurate solution feed system which comprises a solution 
feed container, a tubing set and an orifice flow 
restrictor. The orifice flow restrictor operates in a 
manner which is relatively independent of the solution 
feed pressure and viscosity, therefore making it much more 
advantageous for use in both inpatient and outpatient 
application for continual solution or medicament feed to 
a patient. 



Summarv of the Invention 

The present invention contemplates a solution 
administration system for infusion by a controlled, 
predetermined fluid flow, which system includes a solution 
supply container, a tubing set and a laser drilled orifice 
flow restrictor. The solution supply container may be the 
collapsible bag or self-contained pressurized type for 
mobile patient solution administration. The supply 
container has a fluid port to which is connected a tubing 
set including a length of tubing* An orifice flow 
restrictor is formed within a restrictor body and is part 
of the male fitting of a typical Luer fitting connector in 
fluid connection with the aforesaid tubing. The female 
fitting of the Luer connector is in fluid communication 
with a catheter for patient infusion of solution. 

The orifice is comprised of a small diameter 
fluid passage drilled by laser through an orifice plate 
which has a predetermined cross-sectional flow area and 
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which defines a flow control passage. The orifice plate 
creates a boundary between the inlet and outlet ports of 
the body. The orifice plate is relatively thin; however, 
the thickness is dependent upon the diameter of the 
5 orifice drilled therethrough. To maintain the fluid flow 

characteristics of an orifice, the maximum ratio of plate 
thickness to orifice diameter is 10:1. The actual orifice 
diameter will vary as required by the precise flow of 
solution for the particular patient's requirements. 
10 In accordance with the present invention, the 

orifice flow restrictor delivers a predetermined and 
accurate flow of solution to a patient, unlike capillary 
restrictors, the orifice restrictor is relatively 
unaffected by minor variations in supply solution pressure 
15 or viscosity. Moreover, because of the interrelationship 

between solution feed viscosity and temperature, the 
orifice restrictor is also relatively unaffected by minor 
variations in temperature as well. 

As a result of the relatively determinable fluid 
20 flow characteristics, the solution administration 

apparatus of the present invention can be used 'with 
relative ease and confidence in a hospital or clinical 
situation, and can be used in the treatment of mobile 
patients. The present invention can be used to provide 
25 the required solution feed to a patient while freeing the 

patient from immobilization in a hospital bed or other 
clinically administered situations. Because the fluid 
flow characteristics are relatively constant over varying 
supply solution pressures, viscosities and temperatures, 
30 the present invention is particularly suited for home 

ire. 

Other features and advantages of the present 
invention will be apparent from the following detailed 
description, the accompanying drawings, and the appended 
35 claims. 
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Brief Descripti on of t:he Drawii^g s 

FIGURE 1 is a schematic illustration of the 
solution administration system and orifice flow restrictor 
embodying the principles of the present invention; 
5 FIGURE 2 is a cross-sectional perspective view 

of the orifice flow restrictor of the present invention, 
as shown, formed within a body; 

FIGURE 3 is an enlarged partial cross-sectional 
perspective view of the orifice flow restrictor; 
10 FIGURE 4 illustrates an embodiment of the 

present solution administration system for mobile patient 
use ; and 

FIGURE 5 is a cross-sectional view of the 
orifice flow restrictor of FIGURE 2 mounted in an 
15 associated collar portion, and constituting the male 

fitting of a typical Luer fitting connector. 

Detailed Description of Preferred Embodiments 

While the present invention is susceptible of 
embodiment in various forms, there is shown in the 
drawings and will be hereinafter be described a presently 
preferred embodiment, with the understanding that the 
present disclosure is to be considered as an 
exemplification of the invention, and is not intended to 
limit the invention to the specific embodiment 



20 



30 



Referring generally to FIGURE l, there is shown 
a typical arrangement 10 for administering solution to a 
patient including an orifice flow restrictor 12, a tubing 
set 14, an in-line clamp 16, "an air elimination filter 18, 
a Y-connector 20, and an associated solution supply 
container 22, as shown by the exemplary intravenous 
solution supply bag. Air elimination filter 18 can be 
operably interposed anywhere in tubing set 14 between flow 
35 restrictor 12 and container 22. 
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Referring now to FIGURES 2 and 3, an orifice 
flow restrictor 12 of the present invention is shown more 
fully in detail. The flow restrictor 12 includes an 
elongated body 24, with an inlet port 26, and an outlet 
5 port 28 formed therein. Separating the inlet and outlet 

ports 26, 28 is a barrier-like wall or orifice plate 30. 
Inlet port 26 has first and second inward distal tapers 
32 , 34 to a substantially constant diameter medial section 
36. The distal portion 38 of medial section 36 has a 

10 plurality of raised longitudinal ribs 40 (four in a 

current embodiment) along the interior wall 42 extending 
to orifice plate 30. Proximal surface 46 of plate 30 is 
formed with a tapered nipple shaped depression 44 therein, 
as best seen in FIGURE 2. 

15 An orifice 48 is drilled through plate 30, which 

defines a flow control passage, and which extends from 
about the center of depression 44 to outlet port 28. The 
orifice 48 has a predetermined cross-sectional flow area 
which provides accurate predetermined flow communication 

20 between inlet port 26 and outlet port 28. Orifice 48 is 

produced by drilling through plate 30 with a laser or 
other narrow frequency light emitting cutting device. The 
diameter of orifice 48 can range from about 0.0011 to 
about 0.0050 inches dependent upon the rate of 

25 administration of solution as required for the particular 

patient. 

In the embodiment of the orifice flow restrictor 
12 described and shown in the associated figures, the body 
24 was formed from a polycarbonate material. The orifice 

30 48 was drilled to a diameter of 0.0029 inches, through 

orifice plate 30, which has a thickness, t, of 0.012 
inches with a tolerance of ± 0.002 inches. The orifice 48 
was drilled using a Resonetics, Eximer laser. The ratio 
of the thickness of plate 30, between the base of 

35 depression 44 and the distal surface 50 of plate 30, to 
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the diameter of orifice 48, is limited to a maximum of 
10:1. Conversely, orifice 48 must be at least one tenth 
of the length, L, of the flow control passage through 
plate 30 at a point adjacent to the orifice 48. In the 
5 flow restrictor 12 as illustrated, the ratio of thickness, 

t, to the diameter of orifice 48 is about 5.2:1. 

Outlet port 28 extends from the distal surface 
50 of orifice plate 30 to the outlet 52. Outlet port 28 
has a substantially constant circular cross-section along 
10 its length as best seen in FIGURE 2. 

Referring now to FIGURES 2 and 5, which best 
illustrate the exterior features of body 24, it is noted 
that the following description and attendant figures are 
exemplary of the male end of a typical Luer fitting 
connector 52 which is in the nature of a collar and insert 
arrangement, and which is common in the medical arts. 
Body 24 has a proximal portion 54 and a distal portion 56 
separated therebetween by medial ring 58* Proximal 
portion 54 has first and second lips 60, 62 fozmed 
thereon. Collar fitting 64 of the connector 52 has 
distal, medial and proximal portions 66, 68, 70 of 
successively smaller diameter. Proximal portion 70 has a 
frusto-conically tapered wall 72 which forms a collar 76 
at the end thereof. A lip 74 extends radially inward, 
25 internal to collar fitting 64 at about medial portion 68. 

In assembly, body 24 is inserted into collar 
fitting 64 such that collar 76 abuts lip 60 and medial 
ring 58 is positioned adjacent to lip 74. This locked in 
arrangement prevents axial movement, while permitting 
30 independent rotational movement, of body 24 relative to 

collar fitting 64. Collar fitting 64 and body 24 can then 
be connected to an associated female adapter (not shown) 
of a Luer fitting for subsequent fluid communication to a 
patient through an associated catheter (not shown) . 
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Solution feed is provided to orifice flow 
restrictor 12 through a length of tubing 14. The tubing 
inner diameter and length must provide less flow 
restriction than the orifice. Tubing 14 is permanently 
affixed to body 24, by inserting tubing 14 into inlet port 
26 and urging into body 24. Over insertion of tubing 14 
is prevented by tubing stops 78 located at the proximal 
ends 80 of ribs 40. The tubing is affixed to body 24 by 
application of a solvent or other permanent means. in a 
preferred construction, body 24 is fabricated from a 
medical (juality material such as polycarbonate or the 
like, capable of sterilization by irradiation or other 



FIGURE 4 shows a typical arrangement for 
15 administering a solution to a patient utilizing a wearable 

intravenous solution delivery system including an 
administration system in accordance with the present 
invention. The wearable delivery system includes an 
arrangement P for pressurizing solution supply container 
22, a tubing set 14, in-line clamps 16, an orifice flow 
restrictor 12 formed within a typical Luer fitting 
connector and a catheter c. 

The wearable delivery system provides the 
advantages attendant with patient mobility during the 
administration of solution. Because the orifice flow 
restrictor 12' has a predetermined flow rate, there is no 
need or possibility for the patient to change the solution 
flow rate during use. 

As noted above, the present system 10 is 
30 intended to provide constant predetermined flow rates by 

use of a laser drilled orifice flow restrictor 12. The 
flow rate, as determined by the size of the orifice 48, is 
constant and independent of slight variations in fluid 
supply pressure and viscosity, a problem which is inherent 
35 in the capillary type flow restrictors presently known in 
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the art. Additionally, the simplicity of design results 
in a minimal number of parts requiring less labor and 
providing a greater level of confidence of controlling 
solution administration. These attendant advantages allow 
5 for a reduced cost, disposable system. 

From the foregoing, it will be observed that 
numerous modifications and variations can be effected 
without departing from the true spirit and scope of the 
novel concept of the present invention. It is to be 
10 understood that no limitation with respect to the specific 

embodiments illustrated is intended or should be inferred. 
The disclosure is intended to cover by the appended claims 
all such modifications as fall within the scope of the 
claims. 
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What Is Claimed- 

1. A solution administration apparatus for use 
with an associated container having a flow port, 
comprising: 

5 a connector for connection in fluid 

communication with the flow port of said container; 

at least one length of tubing joined in fluid 
communication with said connector; and 

a flow control device joined in fluid 
10 communication with said tubing, said flow control device 

comprising a body defining an inlet port and an outlet 
port, and a flow control passage therebetween for 
accommodating flow of solution through said flow control 
device to an associated catheter for administration to a 
15 patient, 

said flow control passage defining an orifice 
having a predetermined cross-sectional flow area, said 
orifice accommodating controlled, predetermined flow of 
solution for administration to the patient. 
2° 2. The solution administration apparatus in 

accordance with claim 1 wherein said orifice is laser 
drilled and is about 0.0011 to about 0.0050 inches in 



3. The solution administration apparatus in 
25 accordance with claim 1 wherein said orifice is about 

0.0029 inches in diameter. 

4. The solution administration apparatus in 
accordance with claim 1 wherein the ratio of the length of 
said flow control passage to the diameter of said orifice 

30 is no more than 10:1. 

5. The solution administration apparatus in 
accordance with claim l further including an air 
eliminating filter located in said tubing set operably 
interposed between said container and said flow control 

35 
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6. The solution administration apparatus in 
accordance with claim 1 further including a Luer locking 
collar having said flow control device formed therein. 

7. The solution administration apparatus in 
5 accordance with claim 1 wherein the body of said flow 

control device is fabricated from polycarbonate. 

8. A flow control device for use with a 
solution administration apparatus, said flow control 
device comprising: 

iO a body defining an inlet port and an outlet 

port, and a flow control passage therebetween for 
accommodating flow of solution therethrough, 

said flow control passage defining an orifice 
having a predetermined cross-sectional flow area formed by 

15 laser drilling, said orifice having a diameter of about 

0.0011 to about 0.0050 inches, and wherein the ratio of 
the length of the flow control passage to the diameter of 
the orifice is no more than 10:1, said orifice 
accommodating controlled, predetermined flow of solution 

20 for administration to the patient. 

9. The flow control device of claim 8 further 
including a Luer locking collar having said flow control 



25 



I' 
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